Abstract -A New Cubic Equation of State for Predicting Phase Behavior of Hydrocarbons
INTRODUCTION
Equations of state have been used to predict phase equilibria in refinery, petroleum reservoir and other chemical industries.
Also properties of compounds such as vapor pressure, density of vapor and liquid, thermal properties and solubility of substances in supercritical fluids are calculated based on equations of state (Johnston et al., 1982; Hartono et al., 1999; Madras et al., 2003) . Cubic equations of state are currently the equations of state considered most applicable for such calculations. Cubic equations of state can be classified into two categories: -The cubic equations with two parameters for repulsive and attractive terms such as Van der Waals (Vdw) (1873), Redlich-Kwong (1949) , Soave-Redlich-Kwong (1972) and Peng-Robinson (1976) , etc. -The cubic equations with three or more parameters such as Patel-Teja (1982) and Patel-Teja-Valderrama (1990) 
PRESENTATION OF THE NEW EQUATION OF STATE
The compressibility factor, Z, based on perturbation theory is written as (Malanowski and Anderko, 1992) :
( 1) where Z rep is the hard-sphere term for repulsive term (unperturbed term) and Z attr is the compressibility factor for attractive term (perturbed term).
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We propose a hard-core equation of state based on packing fraction η, as below: Table 1 .
The results of this table show that the maximum packing fractions are in the allowable range of 0 ≤ η ≤ 0.6 where the repulsive part of Equation (3) accurately represents the Scott hard-sphere equation of state. For predicting vapor pressure, liquid density and vapor volume of hydrocarbons, it is entirely sufficient to introduce temperature dependent attractive and repulsive parameters. It is convenient to express the parameters a and b as a product of its value at the critical point and dimensionless functions of temperature and acentric factor: (9) (10) Several empirical and theoretical extensions of the attractive and repulsive terms have been proposed. In this work, we propose three parameter forms of the α function and a linear temperature function for the β function in the following form:
The presented function form for repulsive and attractive term, expressed by Equations (11) and (12) satisfies the basic theoretical conditions for these functions at the critical point: (13) The parameters of m 1 to m 3 and n are determined by using the following objective function:
Where in Equation (14) Ω p = 0.8 and Ω d = 0.2. The general form of the parameters in Equations (11) and (12) 
RESULTS
The proposed cubic equation of state is applied to calculate phase behavior of various pure hydrocarbons and mixtures of fluids. The vapor pressure and saturated liquid density are the most important properties of pure fluids. However, once an equation of state is developed, it is usually applied to calculate many properties. The thermodynamic relations for the new equation of state are presented in Table 2 .
The vapor pressure, saturated liquid density and vapor volume of 20 pure hydrocarbons from the new cubic equation of state are compared with experimental data as well as with the predictions given by the SRK and PR equations of state. Among the 20 pure hydrocarbons, the new cubic equation of state predicts the vapor pressure of 12 compounds better than both the PR and SRK equation of state. Figure 1 shows the experimental and the prediction results of saturated vapor pressure of many hydrocarbons. Figure 2 shows the prediction and the experimental data of liquid and vapor densities of different hydrocarbons.
In Figure 3 , the experimental and predicted pressureenthalpy of many hydrocarbons is presented. Figure 4 shows the entropy of vaporization of some hydrocarbons using the new cubic equation of state. These figures (1-4) show that there is good agreement between the experimental data and the results of the new equation of state. Figure 5 illustrates the pressure -density diagram of CH 4 . There is acceptable agreement between the predictions and the experimental values for both the saturated liquid and the saturated vapor.
The proposed equation of state is applied for mixture VLE calculations. For this work, mixing rules are needed. The 
where k ij is the binary interaction parameter.
The new cubic equation of state is used for the vaporliquid equilibrium (VLE) calculations of 10 different binary fluid mixtures for which experimental data are available. Table 5 Pressure-equilibrium phase composition for n-hexane+1-propanol (experimental data from Oh et al., 2004) . 
